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WKH &,*6 PDWHULDO KDV WR EH GLYLGHG LQWR VPDOO VHJPHQWV ZKLFK DUH LQWHUFRQQHFWHG LQ VHULHV 7KH VHULDO
LQWHUFRQQHFWLRQV RI WKH &,*6PDWHULDO VHJPHQWV DOORZ WKH UHGXFWLRQ RI WKH SKRWRFXUUHQW DQG LQ FRQVHTXHQFH WR
UHGXFH WKH RKPLF HOHFWULFDO ORVVHV LQ WKHPRGXOH0HFKDQLFDO VFULELQJRI WKH&,*6PDWHULDO LV OLPLWHGGXH WR WKH
VFULELQJ VSHHG HGJH TXDOLW\ DQG WKH GLVWDQFH EHWZHHQ WZR DGMDFHQW VFULEHV 7R RYHUFRPH WKHVH OLPLWDWLRQV ODVHU
VFULELQJFDQEHSHUIRUPHGGXHWRXQLTXHFKDUDFWHULVWLFVRIODVHUSURFHVVLQJOLNHQRQFRQWDFWKLJKVSHHGVFULELQJ,Q
RUGHU WR DYRLG VKXQW IRUPDWLRQ DFURVV WKH HGJH RI WKH ODVHU VFULEHPHOWLQJ RI WKH&,*6PDWHULDO GXULQJ WKH ODVHU
LUUDGLDWLRQKDVWREHSUHYHQWHG>@'XHWRWKHJUHDWFKDOOHQJHRIODVHUVFULELQJRIWKH&,*6PDWHULDOZLWKRXWHGJH
PHOWLQJ D JUHDW QXPEHU RI VWXGLHV KDV EHHQ SHUIRUPHG ,Q 5HI>@ YDULRXV VWXGLHV FRPELQLQJ GLIIHUHQW ODVHU
SDUDPHWHUVDUHVXPPDUL]HG,QWKHVHVWXGLHVLWZDVIRXQGWKDWHYHQE\XVLQJXOWUDVKRUWODVHUSXOVHVDQHGJHPHOWLQJ
FDQQRWFRPSOHWHO\EHDYRLGHG,QRUGHUWRRYHUFRPHWKHVHSUREOHPVGLIIHUHQWQHZDSSURDFKHVKDYHEHHQUHSRUWHG
2QHDSSURDFKIRUQRQWKHUPDOODVHUVWUXFWXULQJLV6:,)'VKRFNZDYHLQGXFHGILOPGHODPLQDWLRQ>@$W6:,)'
WKHUHDUVLGHRIDVXEVWUDWHLVLUUDGLDWHGZLWKODVHUSXOVHVZKLFKLQGXFHDSDUWLDODEODWLRQRIWKHVXEVWUDWHDQGVKRFN
ZDYHIRUPDWLRQ7KHVKRFNZDYHJHQHUDWHVDQ LQWHUIDFHVWUHVVDW WKHIURQWVLGHRI WKHVXEVWUDWHZKLFKFDQFDXVHD
GHODPLQDWLRQRI WKH IXQFWLRQDO OD\HU RI WKH IXQFWLRQDO ILOP DW WKH VXEVWUDWH7KHGHODPLQDWLRQ HIIHFW RI6:,)' LV
GLVFXVVHGLQUHODWLRQWR WKHUPDOO\LQGXFHGVWUHVVHIIHFWV>@,W LVVKRZQWKDW WKH6:,)'SURFHVVFDQEHXVHGWR
VFULEH&,*6PDWHULDOZLWKODVHUUDGLDWLRQZLWKRXWPHOWLQJRUWKHUPDOO\ORDGLQJWKH&,*6PDWHULDO$QRWKHUDSSURDFK
IRU VFULELQJ RI &,*6 PDWHULDO LV XVLQJ WKHUPRPHFKDQLFDO SURFHVVHV LQ WKH LQWHUIDFH EHWZHHQ WKH &,*6 DQG WKH
VXEVWUDWH7KHSDWWHUQLQJRIVRODUFHOOVE\ UHPRYLQJ WKH&,*6IURPWKHXQGHUO\LQJ0RILOPFDQEHDFKLHYHGZLWK
QDQRVHFRQGODVHUSXOVHVDWDZDYHOHQJWKRIȜ QPEXWHGJHPHOWLQJRIWKH&,*6RUGDPDJLQJRIWKH0RILOP
ZHUHREVHUYHGUHJXODUO\ >@'XH WR WKH ORZDEVRUSWLRQRI WKH&,*6 WKH1,5 ODVHUSXOVHVFDQSHQHWUDWH WKH
&,*6ILOPDQGFDQLQWHUDFWDWWKH&,*60RLQWHUIDFH3URFHVVHVWKDWPLJKWUHVXOWDUHWKHSDUWLDOHYDSRUDWLRQRIWKH6H
DWWKH&,*60RLQWHUIDFH>@DQGVWUHVVIRUPDWLRQDWWKHLQWHUIDFH>@7KHVRJHQHUDWHGKLJKLQWHUIDFHVWUHVVFDXVHV
DPHFKDQLFDOIUDFWLRQDQGH[SORVLYHIO\DZD\RIWKH&,*6PDWHULDO>@,QWKHVWXG\RI/HHHWDO>@WKHIUDFWXUHRI
WKH&,*6ILOPLVH[SODLQHGE\WKHSDUWLDODEVRUSWLRQRIWKHODVHUSXOVHHQHUJ\DWWKHVXUIDFHRIWKH&,*6ILOPDQGWKH
&,*60RLQWHUIDFHZKLFKFDXVHVDQWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHIURQWDQGUHDUVLGHRIWKH&,*6ILOP7KLV
WHPSHUDWXUHGLIIHUHQFHFDXVHVD WKHUPRPHFKDQLFDOVWUHVV LQ WKH&,*6ILOPGXHWR WKHUPDOH[SDQVLRQ%\FKRRVLQJ
WKH ODVHU IOXHQFH LQ D UDQJH LQGXFLQJ D VXIILFLHQW WKHUPRPHFKDQLFDO VWUHVV LQ WKH &,*6 ILOP EXW ORZHU WKDQ WKH
PHOWLQJ WHPSHUDWXUH RI WKH 0R ILOP WKH &,*6 ILOP FDQ EH UHPRYHG ZLWKRXW PHOWLQJ 7KH LPSRUWDQW SURFHVV
SDUDPHWHUVXVHGIRUWKLVVWUHVVDVVLVWHGPDWHULDOUHPRYDOSURFHVVDUHWKHODVHUIOXHQFHDQGWKHRSWLFDOSURSHUWLHVRI
WKH&,*6ILOP>@7KHEDQGJDSRIWKH&,*6GHSHQGVRQWKHUDWLRRIWKHFRPSRVLWLRQHOHPHQWVZKHUHDVWKHUHODWLRQ
EHWZHHQ WKH EDQG JDS DQG WKH DEVRUSWLRQ FRHIILFLHQW IRU GLUHFW VHPLFRQGXFWRU PDWHULDOV LV JLYHQ E\ >@
ߙ ൌ ܣඥ݄݂ െ ܧ௚ ZLWK Į DEVRUSWLRQ FRHIILFLHQW K 3ODQFN FRQVWDQW I IUHTXHQF\ RI OLJKW (J EDQG JDS HQHUJ\ $
FRQVWDQW7KHEDQGJDSIRUFRPPHUFLDO&,*6LVDGMXVWHGE\WKH*DFRQWHQW7\SLFDO*DFRQFHQWUDWLRQYDOXHVRI
WRUHVXOWLQFRUUHVSRQGLQJEDQGJDSVRI(J H9WR(J H9UHVSHFWLYHO\>@7KHSKRWRQHQHUJ\DWD
ODVHUZDYHOHQJWKRI Ȝ QP H9 LVZLWKLQ WKLVEDQGJDS UDQJH7KHUHIRUH WKH FRPSRVLWLRQ UDWLRRI WKH
VDPSOH PDWHULDO LV YHU\ FULWLFDO EHFDXVH VOLJKWO\ FKDQJHV LQ WKH FRPSRVLWLRQ UDWLR LQIOXHQFH WKH ODVHU SURFHVV
GUDVWLFDOO\ 7R RYHUFRPH WKLV SUREOHP DQG VWDELOL]H WKH PDWHULDO UHPRYDO SURFHVV ODVHU VRXUFHV ZLWK ORQJHU
ZDYHOHQJWKVDUHUHTXLUHGLQRUGHUWRDGGUHVVWKHWKHUPDOO\LQGXFHGVWUHVVHIIHFWVWRWKH&,*60RLQWHUIDFHLQVWHDGWR
DQDEODWLRQIURPWKHIURQWVLGHRI WKH&,*6ILOP,Q WKHZRUNRI >@ LW LVVKRZQWKDWZLWK ODVHUVRXUFHVKDYLQJD
ZDYHOHQJWKRIȜ QPDQGDSXOVHGXUDWLRQRISVDGHODPLQDWLRQRI WKH&,*6 OD\HU IURP WKH0R OD\HU LV
SRVVLEOH 'XH WR WKH KLJK WUDQVSDUHQF\ RI WKH &,*6 DQG KLJK DEVRUSWLRQ RI WKH ODVHU UDGLDWLRQ DW WKH &,*60R
LQWHUIDFH WKH LQWHUIDFH WHPSHUDWXUH UDSLGO\ ULVHVZKLFK WULJJHUV D ORFDOL]HG VSDOODWLRQOLIWRII SURFHVV RI WKH&,*6
PDWHULDO > @ ,W FRXOG EH VKRZQ WKDW GXH WR WKH OLIWRII SURFHVV DOO WKH ODVHUHIIHFWHG &,*6 PDWHULDO ZDV
PHFKDQLFDOO\UHPRYHGIURPWKH0ROD\HU
,Q WKH SUHVHQW VWXG\ WKH UHVXOWV RI ODVHU VFULELQJ RI &,*6ZLWK QDQRVHFRQG ODVHU SXOVHVZLWK DZDYHOHQJWK RI
Ȝ QPDUHSUHVHQWHG7KHUHVXOWVVKRZWKDWDUHPRYDORIWKH&,*6OD\HUIURPWKH0ROD\HULVSRVVLEOHZLWKRXW
PHOWLQJRIWKHVFULEHHGJHRUGDPDJLQJRIWKH0ROD\HU,WLVDOVRVKRZQWKDWWKHSXOVHRYHUODSLVDFULWLFDOIDFWRUIRU
D FOHDQ UHPRYDO RI WKH &,*6 IURP WKH 0R 6FDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 LPDJLQJ DV ZHOO DV HQHUJ\
GLVSHUVLYH;UD\ VSHFWURVFRS\ (';ZDV SHUIRUPHG LQ RUGHU WR DQDO\VH ODVHULQGXFHGPRGLILFDWLRQV ,Q RUGHU WR
VWXG\ WKH ODVHU SURFHVVPRUH LQGHWDLOPLFUR5DPDQ DQDO\VLV RI ODVHU VFULEHG DUHDVZDV SHUIRUPHG$SHQHWUDWLRQ
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GHSWKIRUWKHȜ QPODVHUZDYHOHQJWKZDVHVWLPDWHGLQD±QPUDQJHIRU&,*6DQGLQD±QPUDQJH
IRUPRO\EGHQXPOD\HUDFFRUGLQJO\5DPDQVSHFWUDZHUHVWXGLHGDWP:ODVHUSRZHUDQGDWURRPWHPSHUDWXUH
([SHULPHQWDOVHWXS
)RU WKH H[SHULPHQWV D ODVHU VRXUFH /86.(11 IURP WKH 0DQOLJKW FRPSDQ\ SURYLGLQJ D ZDYHOHQJWK RI
Ȝ QP DQG D SXOVH GXUDWLRQ RI W QVZDV XVHG7KHPD[LPXPSXOVH HQHUJ\ RI WKLV ODVHU VRXUFH LV XS WR
( -DQGWKHWXQDEOHUHSHWLWLRQUDWHXSWRI N+]7KHODVHUVRXUFHZDVHPEHGGHGLQDODVHUZRUNVWDWLRQ
,/6[ IURP ,112/$66<67(07KH ODVHUEHDPZLWK D QHDUO\*DXVVLDQ LQWHQVLW\ GLVWULEXWLRQZDV IRFXVHG
RQWRWKHVDPSOHVXUIDFHE\DVFDQQHU OHQVZLWKDIRFDO OHQJWKRIPP7KHODVHUVSRWVL]HWKDWZDVGHWHUPLQHG
ZLWKWKH'PHWKRGKDVDGLDPHWHURIG P7KHVDPSOHVFRQVLVWHGRIDȝPWKLFNVWDLQOHVVVWHHOVKHHWZKLFK
ZDV FRYHUHGZLWK DaȝP WKLFN6L2[ WKLQ ILOPDFWLQJ DV DQ HOHFWULFDO LVRODWRU2Q WRSRI WKLV6L2[ WKLQ ILOP D
aQPWKLFNPRO\EGHQXPOD\HUDQGWKH&,*6ILOPZLWKDWKLFNQHVVRIaȝPZHUHGHSRVLWHG$SULQFLSOHVNHWFK
RI WKH VDPSOHPDWHULDO LV VKRZQ LQ)LJ $IWHU WKH ODVHU VFULELQJ SURFHVV WKH VFULEHVZHUH DQDO\VHGE\6(0 LQ
FRPELQDWLRQZLWK(';DQGRSWLFDOPLFURVFRS\20,QRUGHUWRLQYHVWLJDWHSRVVLEOHPDWHULDOPRGLILFDWLRQV5DPDQ
VSHFWURVFRS\E\XVLQJWKHFRQIRFDO5DPDQVSHFWURPHWHUPLFURVFRSH7KHUPR6FLHQWLILF';5ZDVDSSOLHG7KH
5DPDQ PLFURVFRSH KDV D FP UHVROXWLRQ DQG ZDV HTXLSSHG ZLWK D QP ODVHU 8VLQJ DQ REMHFWLYH ZLWK
WLPHVPDJQLILFDWLRQDODVHUVSRWVL]HRIXSWRPFDQEHDFKLHYHG
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
)LJ6NHWFKRIWKHVDPSOHFURVVVHFWLRQXVHGIRUWKHVFULELQJH[SHULPHQWV
5HVXOWVDQGGLVFXVVLRQ
,QDILUVWVWHSWKHODVHUVFULELQJRIWKHVDPSOHVZDVVWXGLHGLQV\VWHPDWLFH[SHULPHQWVZLWKGLIIHUHQWODVHUIOXHQFHV
DQG VFULELQJ VSHHGV ,Q)LJ ODVHU VFULEHVDUHH[HPSODULO\ VKRZQZKLFKZHUHJHQHUDWHGZLWKD IL[HG ODVHUSXOVH
HQHUJ\ RI ( - DQG D SXOVH UHSHWLWLRQ UDWH RI N+] 7KH VFULELQJ VSHHG YDULHG LQ D UDQJH EHWZHHQ
Y PPV DQG Y PPV ,Q GHSHQGHQFH RQ WKH VFULELQJ VSHHG WZR GLIIHUHQW VXUIDFHPRUSKRORJLHV RI WKH
VFULEHV FRXOG EH GLVWLQJXLVKHG )RU ORZ VFULELQJ VSHHGV VHH)LJ D WKH HGJHV RI WKH VFULEHV DUHPHOWHG DQG WKH
ERWWRP RI WKH VFULEHV LV FRPSOHWHO\ FRYHUHG ZLWK PHOWHG PDWHULDO $GGLWLRQDOO\ ODVHULQGXFHG SHULRGLF VXUIDFH
VWUXFWXUHV FRXOG EH IRXQG LQ WKH ERWWRP RI WKH ODVHU VFULEH 'HGXFWLYH IURP WKH IRXQG VXUIDFH PRUSKRORJ\ WKH
GRPLQDQWPDWHULDOSURFHVV IRU ORZVFULELQJVSHHGV LV DEODWLRQHYDSRUDWLRQ VWDUWLQJ IURP WKH WRS VLGHRI WKH&,*6
ILOP+RZHYHUIRUKLJKVFULELQJVSHHGVWKHVXUIDFHPRUSKRORJ\RIWKHVFULEHVVKRZQLQ)LJFLVGLIIHUHQWIURP
WKDWIRUORZVFULELQJVSHHGV,QSDUWLFXODUQRVLJQRIPHOWLQJDWWKHHGJHVRIWKHVFULEHVFRXOGEHIRXQG,QVWHDGRI
WKDW LWVHHPVWKDW WKH&,*6ILOPLVIUDFWXUHGDQGUHPRYHGDVIODNHVIURPWKHVDPSOHV$W WKHERWWRPRI WKHVFULEH
RQO\WKH0RVXUIDFHVHHPVPHOWHG&RPSDULQJWKHRSWLFDOPLFURVFRSHLPDJHVRIVFULEHVZKLFKZHUHJHQHUDWHGZLWK
ORZDQGKLJKVFULELQJVSHHGV)LJERWWRPLWFDQEHVHHQWKDWWKHERWWRPRIWKHVFULEHLVPXFKPRUHEULJKWIRUWKH
KLJKVFULELQJVSHHGVHH)LJHZKLFKLQGLFDWHVWKDWZLWKKLJKHUVFULELQJVSHHGWKH0RILOPLVDOPRVWFRPSOHWHO\
FOHDUHGXSIURPWKH&,*6ILOP7KLVILQGLQJLQFRPELQDWLRQZLWKWKHIRXQGFUDFNHGHGJHVRIWKHVFULEHVHHQLQ)LJ
OHIW LQGLFDWHV WKDW WKHPDWHULDO UHPRYDO SURFHVV LQ WKH FDVH RI VFULELQJZLWK KLJK VFULELQJ VSHHGV LV LQGXFHG E\
PHFKDQLFDOVWUHVVQHDUWKHLQWHUIDFHEHWZHHQWKH&,*6DQGWKH0RILOP,Q)LJEDODVHUVFULEHLVVKRZQZKLFKZDV
JHQHUDWHGZLWKDPRGHUDWHVFULELQJVSHHG ,WFDQEHVHHQ LQ WKLV6(0LPDJH WKDW WKHVHIHDWXUHVDUHFDXVHGE\ WKH
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WKHUPDODQGPHFKDQLFDOVWUHVVGRPLQDWHGPDWHULDOSURFHVVHV3DUWLDOPHOWLQJDQGSDUWLDOFUDFNLQJRIWKHHGJHVRIWKH
ODVHU VFULEHRFFXU WRJHWKHU7KH WZRGLIIHUHQW VFULELQJSURFHVVHVFDQDOVREHGLVWLQJXLVKHGE\DQDO\VLQJ WKH ODVHU
JHQHUDWHGVFULEHVZLWKRSWLFDOPLFURVFRS\LPDJLQJ,Q)LJERWWRPDQRSWLFDOPLFURVFRSHLPDJHRIDODVHUVFULEH
ZKLFKZDVJHQHUDWHGZLWKDKLJKVFULELQJVSHHG)LJHDQGDQRSWLFDOPLFURVFRSHLPDJHRIDVFULEHJHQHUDWHG
ZLWKDORZVFULELQJVSHHG)LJDDUHVKRZQ,QWKHLPDJHRIWKHVFULEHJHQHUDWHGZLWKDKLJKVFULELQJVSHHGWKH
ERWWRPRI WKHVFULEHVKRZVDPXFKKLJKHUUHIOHFWLYLW\ WKDQ LQ WKHVFULEHZKLFKZDVJHQHUDWHGZLWKD ORZVFULELQJ
VSHHG7KLVGLIIHUHQFH LQ WKH UHIOHFWLYLW\RI WKHERWWRPRI WKH ODVHU VFULEHV LQGLFDWHV DOVR WKDW LQ WKH FDVHRI ODVHU
VFULELQJZLWKORZVSHHGVPDWHULDOUHPDLQVLQWKHVFULEHRUWKH0RVXUIDFHLVPRGLILHGZKHUHDVWKHKLJKUHIOHFWLYLW\
RI KLJKVSHHG VFULEHV VKRZV WKDW WKHPRO\EGHQXP LV DOPRVW FRPSOHWHO\ FOHDUHG XS IURP WKH&,*6 OD\HUZLWKRXW
VXUIDFHPRGLILFDWLRQVRIWKH0R





  



)LJ6(0LPDJHVWRSDQGRSWLFDOPLFURVFRSHLPDJHVERWWRPRIODVHUVFULEHV7KHODVHUVFULELQJXVHGVSHHGZDVY PVY PVDQG
PVUHVSHFWLYHO\7KHODVHUSXOVHHQHUJ\ZDVIL[HGDWDYDOXHRI(3XOV -

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,Q)LJ WKHUHVXOWVRI WKHDQDO\VLVRI WKHVDPSOHDIWHU WKH ODVHUVFULELQJSURFHVVDUHFRORXUFRGHGVXPPDUL]HG
OLJKWJUHHQPHOWLQJGDUNJUHHQOLIWRIIUHG0ROD\HUGDPDJHGEOXHVLQJOHSXOVHV\HOORZWUDQVLWUHJLRQEHWZHHQ
PHOWLQJDQGOLIWRII,QWKLV)LJLWFDQEHVHHQWKDWZLWKLQFUHDVLQJSXOVHHQHUJ\WKHUDQJHRIWKHWUDQVLWEHWZHHQ
WKH WKHUPDO DQG PHFKDQLFDO VWUHVVGRPLQDWHG PDWHULDO UHPRYDO SURFHVV GHFUHDVHV %\ LQFUHDVLQJ WKH ODVHU SXOVH
HQHUJ\ IURP( - WR( - WKH UHTXLUHG VFULELQJ VSHHG WR HQDEOH DPHFKDQLFDOOLNH VWUHVVLQGXFHG&,*6
PDWHULDO UHPRYDO SURFHVV LQFUHDVHV IURP Y!PV WR Y!PV )RU D FRPELQDWLRQ RI YHU\ ORZ VFULELQJ
YHORFLWLHV DQG KLJK ODVHU SXOVH HQHUJLHV WKH 0R OD\HU LV DEODWHG DQG WKH XQGHUO\LQJ VWDLQOHVV VWHHO VXEVWUDWH LV
GDPDJHG)RUYHU\KLJKVFULELQJVSHHGVY!PVWKHODVHUVFULEHVDUHVHSDUDWHGWRVLQJOHDEODWHGGRWV7KHHQHUJ\
UDQJHLQZKLFKDPHFKDQLFDOVWUHVVGRPLQDWHGPDWHULDOUHPRYDOFDQEHLQGXFHGLVLQWKHLQYHVWLJDWHGODVHUSDUDPHWHU
ILHOGQHDUO\LQGHSHQGHQWIURPWKHODVHUSXOVHHQHUJ\IRUDIL[HGVFULELQJVSHHGUHVSHFWLYHO\7KLVUHVXOWLVLQFRQWUDVW
WRSUHYLRXVVWXGLHVZKLFKZHUHSHUIRUPHGZLWKQDQRVHFRQGODVHUSXOVHVZLWKDZDYHOHQJWKRIȜ QP,QWKHVH
VWXGLHVHJ>@LVUHSRUWHGWKDWWKHDGMXVWLQJRIWKHODVHUSXOVHHQHUJ\LVDFULWLFDOIDFWRUWRJHQHUDWHWKHPHFKDQLFDO
VWUHVVGRPLQDWHGPDWHULDOUHPRYDOSURFHVV


)LJ6XPPDU\RIWKH&,*6VFULELQJH[SHULPHQWVOLJKWJUHHQDEODWLRQPHOWLQJGDUNJUHHQGHODPLQDWLRQOLIWRII\HOORZ
WUDQVLWUHJLRQUHGIXOOGDPDJLQJ0RDQGRUVWDLQOHVVVWHHOVKHHWEOXHVLQJOHSXOVH
 
)LJ6(0LPDJHOHIWDQG(';LPDJHULJKWRIDQDUHDZKLFKZDVLUUDGLDWHGZLWKRQHVLQJOHSXOVH(3XOVH -7KHLQVHWVKRZVD
PDJQLILHGVHFWLRQRIWKHHGJH
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,Q)LJD6(0LPDJHRIDVLQJOHSXOVHLUUDGLDWHGDUHDLVVKRZQ7KHLQVHWVKRZVDPDJQLILHGVHFWLRQRIWKHHGJH
RIWKHLUUDGLDWHGDUHD7KLVLPDJHDVZHOODVWKHPDJQLILHGLQVHWVKRZVQRVLJQRIPHOWLQJRIWKHHGJHV+RZHYHUWKH
H[SRVHG0R OD\HU VHHPVPRGLILHG GXH WR WKH DEVRUEHG ODVHU HQHUJ\ ,Q)LJ E WKH FRUUHVSRQGLQJ('; LPDJH LV
VKRZQ ,W FDQ EH VHHQ WKDW WKH &,*6 ILOP UHSUHVHQWHG LQ WKH ('; LPDJH E\ WKH ,QGLXP ,Q VLJQDO LV QHDUO\
FRPSOHWHO\ UHPRYHGIURPWKH ODVHULUUDGLDWHGDUHD7KHUHIRUH LQ WKLV ODVHULUUDGLDWHGDUHD WKH0RVLJQDO LVFOHDUO\
GHWHFWLEOH7KHPHOWHGPDWHULDODWWKHERWWRPRIWKHODVHULUUDGLDWHGVSRWFRQVLVWVRI0RRUDPL[WXUHRI0RDQG6H
,Q RUGHU WR VWXG\ WKH ODVHULQGXFHGPRGLILFDWLRQV DW WKH ERWWRP RI WKH ODVHU VFULEHVPRUH LQ GHWDLOPLFUR5DPDQ
DQDO\VLVZHUHSHUIRUPHG
)LUVW WKH 5DPDQ VSHFWUXP RI WKH QRQPRGLILHG &,*6 OD\HU VHH )LJ  ZDV FKDUDFWHUL]HG $ VWURQJ SHDN RQ
FP FDQ EH DVVLJQHG WR WKH $ PRGH RI &,*67KH VHFRQG DQG WKLUG SHDNV ZHUH REVHUYHG DW FP DQG
FP WKDW FDQ DOVR EH DWWULEXWHG WR &,*6PRGHV >±@ 7KH SRVLWLRQ RI WKH $ PRGH FDQ YDU\ GXH WR WKH
FKDQJHDEOH*DFRQWHQWLQ&,*6IURPWRFPIURP&,6WR&*6DVLWLVUHSRUWHGLQ5HI>@7KHSHDNRI
WKH&,*6RQFPVKRZVWKDWWKHVDPSOHFRQWHQWVDVPDOODPRXQWRI*D'XHWRWKHFRUUHODWLRQRIWKH*DFRQWHQW
WKHEDQGJDSHQHUJ\LVLQWKHORZHUUDQJHRIDSSUR[LPDWHO\(JDSaH9>@
,QDQH[WVWHS5DPDQVSHFWUDLQODVHUVFULEHGDUHDVZHUHWDNHQDQGDQDO\VHG$IWHUKLJKVSHHGODVHUVFULELQJWKHVH
&,*6SHDNVZHUHQRWGHWHFWHG%\WKHORZVSHHGSURFHVVWKHSHDNLQWHQVLW\RIWKH$PRGHRI&,*6ZDVUHGXFHGE\
PRUH WKDQ ,Q)LJ WZR5DPDQ VSHFWUD DIWHU VFULELQJ DUH VKRZQ2QHZDV WDNHQ LQ WKHPLGGOHRI D VFULEH
ZKLFKZDV JHQHUDWHGZLWK D KLJK VFULELQJ VSHHG EOXH Y PV (3XOVH - WKH VHFRQG 5DPDQ VSHFWUXP
JUHHQZDVWDNHQDWDVFULEHZKLFKZDVJHQHUDWHGZLWKDORZVFULELQJVSHHGY PVEXWWKHVDPHODVHUSXOVH
HQHUJ\,Q WKLVRYHUYLHZRI WKHVSHFWUD LW LVVHHQ WKDW LQERWKFDVHV0R6H LVGHWHFWLEOHEXW LQ WKHVSHFWUXPWDNHQ
IURP WKH ORZ VFULELQJ VSHHG D PL[WXUH RI DGGLWLRQDO FRPSRQHQWV HJ 6H &X*D6H DQG &,*6 LV IRXQG ZKLFK
VXJJHVWVWKDWE\VFULELQJZLWKKLJKVFULELQJVSHHGVWKHXQGHOD\LQJ0RILOPLVPRUHFOHDUHGXSWKHQZLWKORZVFULELQJ
VSHHGV



)LJ0HDVXUHG5DPDQVSHFWUDRIDQXQWUHDWHGDUHDRIWKHVDPSOH
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,Q )LJ  D GHWDLOHG 5DPDQ VSHFWUXP RI DQ DUHDZKLFKZDV VFULEHGZLWK D ORZ VFULELQJ VSHHG LV VKRZQ 7KH
VLPSOLILHGUHFRQVWUXFWLRQRI WKLV5DPDQVSHFWUXPDOORZV ORFDOL]LQJ WKH LPSRUWDQWSHDNV&RPSRQHQWVRI0R6HDW
FPFPFP&X*D6HDWFP&X,Q[*D[6HDWFP DQG6HDWFPZHUHREVHUYHG
3HDNVDWFPFPDQGFPFDQFRUUHVSRQGWR(J$JDQG(JPRGHVRI0R6H>@&X*D6H
KDVWKHVWURQJHVWSHDNDWFP7ZROHVVLQWHQVLYHSHDNVRI&X*D6HDUHORFDWHGDWWKHVDPHSRVLWLRQVDVWKH(J
DQG$JPRGHVRI0R6H>@7KHEURDGSHDNDWFPFDQFRUUHVSRQGWRWULJRQDOVHOHQLXP>@

7KHQH[WUHFRQVWUXFWLRQVRI5DPDQVSHFWUDRQSURFHVVHGDUHDJHQHUDWHGZLWKKLJKVFULELQJVSHHGDUHSHUIRUPHG
DQGVKRZQLQ)LJ7KHRSWLFDOPLFURVFRSHLPDJHVHH)LJWRSRIWKLVVFULEHVKRZVGDUNDQGOLJKWUHJLRQVLQVLGH
RIWKHVFULEHGDUHD,Q)LJERWWRPWKH5DPDQVSHFWUDWDNHQLQWKHGDUN)LJDDQGOLJKWUHJLRQV)LJEDUH
SUHVHQWHG ,Q ERWK VSHFWUD 6H &X*D6H DQG0R6H FRPSRQHQWV ZLWK VRPH DGGLWLRQDO QHZ GHWHFWHG SHDNV ZHUH
IRXQG ,W FDQEHDVVXPHG WKDWSHDNVDWFP DQGFP FDQEHDWWULEXWHG WRĮ DQGȖ,Q6H >@7KH
VHFRQGRUGHUVFDWWHULQJSHDNRI0R6HDWFPZDVDOVRREVHUYHG%\FRPSDULVRQRIWKHWZRVSHFWUDVHHQLQ)LJ
LWFDQEHDVVXPHGWKDWLQWKHGDUNUHJLRQPRUH6HFRQWHQWUHPDLQV7KHH[LVWHQFHRI0R20R26H2DQGRWKHU
R[LGH FRPSRQHQWV ZHUH QRW GHWHFWHG LQ DOO DQDO\VHG VSHFWUD ,Q)HKOHU 9HUZHLVTXHOOH NRQQWH QLFKW JHIXQGHQ
ZHUGHQWKHSHDNSRVLWLRQRIWKHIRXQGVWUXFWXUHVDUHVXPPDUL]HG

)LJ&RPSDULVRQRI5DPDQVSHFWUDZKLFKZHUHWDNHQIURPDUHDVZKLFKZHUHVFULEHGZLWKKLJKY PVEOXHOLQHDQGORZVSHHG
Y PVJUHHQOLQH7KHODVHUSXOVHHQHUJ\ZDVIL[HGDW(3XOVH -IRUERWKVFULEHV)RUFRPSDULVRQWKH5DPDQVSHFWUDRIDQXQWUHDWHG
DUHDEODFNOLQHRIWKHVDPSOHZDVDGGHG

)LJ5DPDQVSHFWUDRIDQDUHDZKLFKZDVVFULEHGZLWKDORZVFULELQJVSHHGY PVDQG(3 -&RORXUFRGHEOXH0R6HEODFN
&,*6UHG&X*D6HDQGJUHHQ6H
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
7DEOH3HDNSRVLWLRQVRIREVHUYHGVWUXFWXUHV&RORXUFRGHUHGVWURQJSHDNEOXHQRWREVHUYHG
6WUXFWXUH &,*6 0R6H &X*D6H 6H
Į
,Q6H
Ȗ
,Q6H
3HDN
SRVLWLRQ
FP












  


&RQFOXVLRQ

,Q WKH SUHVHQW VWXG\ WKH ODVHU VFULELQJ RI &,*6 WKLQ ILOPV RQ WRS RI WKH 0R OD\HU ZLWKRXW HGJH PHOWLQJ RU
GDPDJLQJ WKH 0R OD\HU LV GHPRQVWUDWHG 7KH VFULELQJ ZDV SHUIRUPHG ZLWK QDQRVHFRQG ODVHU SXOVHV KDYLQJ D
ZDYHOHQJWKRIȜ QP$FULWLFDOODVHUSDUDPHWHUWRHQDEOHWKHPHFKDQLFDOUHPRYLQJRIWKH&,*6ZLWKRXWHGJH
PHOWLQJ LV WKH VFULELQJ VSHHG7KH VFULELQJ VSHHGKDV WR H[FHHG D FHUWDLQYDOXH WR LQGXFH WKHGHODPLQDWLRQRI WKH
&,*6ZLWKRXWHGJHPHOWLQJDQGGDPDJLQJRIWKH0ROD\HU7KHSURFHVVZLQGRZIRULQGXFLQJWKLVHIIHFWZDVIRXQG
WREHEURDGLQWHUPVRIVFULELQJVSHHGDQGODVHUSXOVHHQHUJ\7KHIRXQGUHVXOWVFRQILUPWKDWDGDPDJHIUHHVFULELQJ

 
)LJ7RS2SWLFDOPLFURVFRSHLPDJHRIDODVHUVFULEHZKLFKZDVJHQHUDWHGZLWKDKLJKVFULELQJVSHHGY PVDQG(3XOVH -
%RWWRP5DPDQVSHFWUDRIODVHUVFULEHVZKLFKZHUHJHQHUDWHGZLWKDKLJKVFULELQJVSHHGY PVDQG(3XOVH -7KHVSHFWUDZHUH
REWDLQHGLQWKHPLGGOHRIWKHVFULEHRQDGDUNUHJLRQPDUNHGLQZLWK³´DQGEOLJKWUHJLRQPDUNHGZLWK³´&RORXUFRGHEOXH0R6H
EODFN,Q6HUHG&X*D6HDQGJUHHQ6H
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RI &,*6 ILOPV LV SRVVLEOH ZLWK QDQRVHFRQG ODVHU SXOVHV KDYLQJ D ZDYHOHQJWK RI Ȝ QP ZKLFK JLYHV WKH
RSSRUWXQLW\IRUXVLQJWKLVQDQRVHFRQGODVHUVRXUFHZKLFKLVPRUHHIILFLHQWLQWHUPVRIFRVWVDQGVWDELOLW\
$FNQRZOHGJHPHQWV
7KHUHVHDUFKOHDGLQJWRWKHVHUHVXOWVKDVUHFHLYHGIXQGLQJIURPWKH(XURSHDQ&RPPXQLW\
V6HYHQWK)UDPHZRUN
3URJUDP)3XQGHU$332/2SURMHFWJUDQWDJUHHPHQW1R
5HIHUHQFHV
>@&KH\QH\77KLQILOP&,*6VWDUWVWRFRPHRIDJH3KRWRYROWDLFV,QWHUQDWLRQDO±
>@SUHVVUHOHDVH6RODU)URQWLHUKWWSZZZVRODUIURQWLHUFRPHQJQHZV&KWPO
>@:DQJ ; (KUKDUGW0 /RUHQ] 3 6FKHLW & 5DJQRZ 6 1L ;: =LPPHU .  7KH LQIOXHQFH RI WKH ODVHU SDUDPHWHU RQ WKH
HOHFWULFDOVKXQWUHVLVWDQFHRIVFULEHG&X,Q*D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